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ABSTRACT: Previous studies of a great portion of eastern and southeast-
ern coasts of Brazil have frequently shown the presence of two distinct
generations of sandy terraces of marine origin. The most recent is Holo-
cene in age, being related to the last sea-level rise, whose maximum ele-
vation was attained about 5100 years BP. The most ancient is Pleistocene
in age, being related to the penultimate sea-level rise, whose culmination
stage occurred about 123,000 years BP. In Northern Rio de Janeiro State,
these two generations of marine terraces are present. However, it has not
been possible yet to obtain absolute ages of these sandy deposits.

RESUMO: Os estudos prévios de grande trecho das costas leste e sudes-
te do Brasil mostraram freqiientemente a presenca de duas geragdes dis-
tintas de terragos arenosos de origem marinha. O mais recente € de idade
holocénica, estando relacionado a dltima subida de nivel do mar, cujo
méximo ocorreu ha aproximadamente 5100 anos AP. O mais antigo é de
idade pleistocénica, estando ligado a peniltima subida de nivel do mar,
cujo médximo foi verificado hd cerca de 123,000 anos AP. Na por¢do norte
do Estado do Rio de Janeiro, essas duas geragdes de terragcos marinhos
estdo presentes, embora ndo tenha sido possivel obter as idades absolutas
desses depdsitos arenosos.

1 INTRODUCTION

Studies performed along the Brazilian coast, during the last decades, indi-
cated the existence of records related to several high sea-levels during the
Quaternary (Villwock et al. 1986, Martin et al. 1988). The most recent is
quite well known thanks to numerous radiocarbon dates, which have al-
lowed to delineate relative sea-level fluctuation curves during the last
7000 years, for several sectors of the Brazilian coast. In spite of their dif-
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ferences in amplitude, these curves show an essential fact that, during the
last 7000 years, the relative sea-level was higher than the present in most
part of the Brazilian coastline. This coast was under submergence condi-
tions until about 5100 years BP, but it reversed into emergence after 5100
years BP, with the intercalation of brief submergence episodes (Suguio et
al. 1985, Martin et al. 1987).

Evidence of the penultimate high sea-level position is given by huge
sandy terraces extending, at least, from the Paraiba State to the Rio
Grande do Sul State. The marine origin of these sandy deposits is con-
firmed by the presence of fossilized Callichirus burrows (Suguio & Mar-
tin 1976, Suguio et al. 1984), as well as by the occurrence of typical syn-
genetic sedimentary structures (Suguio & Tessler 1987, Tessler & Suguio
1987). At the surface of these terraces there are ancient beach-ridge
alignments, with some differences when compared with the Holocene ter-
races (Martin et al. 1981). These sands are in general whitish in surface
but in subsurface they may show a dark brownish colour due to humic
and/or fulvic acids impregnation. In opposition to the Holocene terraces,
where mollusk shells are frequently found, they are absent in the Pleisto-
cene terraces, probably because they were dissolved by organic acids (De-
hira & Suguio 1994). However, preserved shells were sampled from a
clayey layer at the base of a Pleistocene terrace, which gave a radiocarbon
age older than 30,000 years BP. In Brazil, only in one location in southern
Bahia State, more-or-less preserved coral samples have been randomly
collected from the basal portion of a Pleistocene terrace. They belong to
the genus Siderastrea and only five of them, composed of pure aragonite,
have been dated by the uranium/ionium method (Martin et al. 1982).

Samples CP-1, CP-2, CP-6 and CP-8 indicated ages close to their over-
all mean: 123,500 + 5700 years BP. Only sample CP-7 showed an age
significantly older, probably due to slight contamination. Therefore, it is
possible to assume that the maximum of the penultimate high sea-level
occurred about 123,000 years BP, in agreement with available data from
the majority of localities around the world.

In most of Brazilian eastern and southeastern coastlines the relative
sea-level corresponding to this transgressive episode is situated 8 £ 2 m
above the present level. Nevertheless, in some sectors like in the Todos os

Table 1. U/lo dates of coral samples from the State of Bahia (Martin et al. 1982).
Sample YUY Uppm) >'Udpm/g) To(**Th)(dpm/g) Age(yr BP)

CP-1 1.07 2.59 2.08 1.43 122,000 £ 6100
CP-2 1.08 2.70 2.17 242 116,000 £ 6900
CP-6 1.11 3.09 2.57 1.85 132,000 + 9000
CP-7 1.11 2.58 2.14 1.61 142,000 + 9700
CP-8 1.08 2.56 2.30 1.60 124,000 + 8700
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Santos Bay (State of Bahia), these records could be lower as a conse-
quence of modern tectonic movements (Martin et al. 1984a).

2 RECORDS OF THE 123,000 YEARS BP HIGH SEA LEVEL AT
NORTHERN RIO DE JANEIRO STATE

A preliminary geologic mapping of the Quaternary deposits was enough to
make evident the existence of at least two distinct generations of sandy
marine terraces in several sectors of the northern Rio de Janeiro State (Fig.
1). Despite the absence of absolute datings, some arguments based on pre-
vious experience allow to suggest that the higher terraces are probably
Pleistocene in age. Considering the inadequacy of the radiocarbon dating
method, as well as the absence of adequate samples for U/lo dating, the
following criteria have been used:

a) ages beyond the reliability of the radiocarbon method (more than
30,000 years BP);

b) morphological features of the deposits, particularly the alignment
characteristics of the ancient beach-ridges;
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Figure 1. Location map of the studied area, geographical position corresponding to
Figures 2-7 and legend (Figs 3-7) of the maps.
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¢) the absence of mollusk shells, and sands commonly impregnated by
humic and/or fulvic acids with a slight cohesion;

d) their positions in the coastal plain, as well as their heights; and,

e) overconsolidation of clay beds beneath the sands (Massad 1985).

Previous works revealed that in the coastal plain of the Rio Paraiba do
Sul estuary (Fig. 2) there are two distinct generations of sandy wave-built
terraces (Martin et al. 1984b, 1987). In its southern portion, between Ma-
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Figure 2. Schematic geologic map of the Rio Paraiba do Sul coastal plain. 1. Holocene
marine terrace, 2. lagoonal sediments, 3. fluvial sediments (intralagoonal delta), 4.
Pleistocene marine terrace, 5. Barreiras Formation, 6. Precambrian rocks, 7. align-
ments of Pleistocene beach-ridges, 9. palaecochannels of the Rio Paraiba do Sul (from
Martin et al. 1987).
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caé and Barra do Furado, there is a narrow sand barrier landward from the
sea, followed by an almost desiccated lagoonal lowland and an extensive
sand flat overlying Barreiras Formation or Precambrian crystalline rocks.

The morphological characteristics of the regressive beach-ridges cov-
ering this terrace is quite different from the beach-ridges found around the
Rio Paraiba do Sul outlet and, on the other hand, perfectly comparable to
that occurring at southern Bahia State. Moreover, it is possible to recog-
nize that the surface of this terrace was intensively dissected by a drainage
net during the last Pleistocene relative low sea-level (i.e., Oxygen Isotope
Stages 2-4). For example, the Lagoa de Carapebus (Fig. 2) is situated in a
valley excavated within this terrace, and was subsequently drowned dur-
ing the last relative sea level-rise. Obviously, this valley was formed be-
fore 7000 years BP, when the present sea-level was overpassed during the
last transgression.

Radiocarbon ages of 6590 £ 250, 6620 £ 240, 6000 £ 230 and 5930 +
240 years BP, obtained in mollusk shells sampled from lagoonal deposits
situated between sandy beach-ridges, suggest that the inland deposits cov-
ered by regressive beach-ridges are older than 7000 years BP (Martin et al.
1984b). In the remaining portion of the coastal plain, always situated
landward of the Holocene deposits, there are more-or-less eroded records
of these ancient deposits. Thus, in the Comboio region, at the center of the
Rio Paraiba do Sul outlet coastal plain (Fig. 2), the elongated lowlands
within sandy deposits correspond to areas situated between ancient beach-
ridges, which were partially excavated during the last sea-level drop.
These sandy deposits cannot be called chéniers, as it was done by Dias
(1981), because they are not covering clayey sediments. A radiocarbon
age of 6000 £ 200 years BP, obtained from mollusk shells sampled from
lagoonal deposits, is also indicating that the fluvial excavation was before
7000 years BP, and the drowning of the lowlands occurred during sea-
level rise. Considering that in this area only two Quaternary high sea-
levels have been recognized until today and that the most recent is Holo-
cene in age, it is possible to draw the conclusion that the older ancient de-
posits must correspond to the high sea-level of 123,000 years BP.

The Pleistocene marine deposits forming an essential part of the south-
ern coastal plain of the Rio Paraiba do Sul extend until north of the site of
Macaé. However, from the Lagoa de Carapebus to Macaé (Fig. 2), the in-
termediate lowland disappears and the Holocene deposits are reduced to
present beaches, which have a tendency to advance over the Pleistocene
sands; as they have different colours, this phenomenon is clearly visible.
The lower elevation of the Pleistocene terrace seems to suggest that this
area was under permanent subsidence during the Quaternary. This hy-
pothesis is apparently confirmed by a gravimetric anomaly indicated in the
Bouguer map of the area (Martin et al. 1984b).
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Figure 3. Schematic geologic map of the Macaé region.
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Figure 4. Schematic geologic map of the Barra de Sao Jodo region.

In the Rio das Ostras area (Figs 3 and 4), most of the sandy terraces are
assigned to the Pleistocene. To the north, these deposits are relatively im-
portant, and the Lagoa Salgada shows morphological characteristics typi-
cal of a lagoon installed within a zone excavated during a sea-level lower
than the present, and invaded during the transgression. Between Rio das
Ostras and Barra de Sdo Jodo, the Pleistocene deposits are reduced to a
narrow band in the oceanic margin besides some continental remains, fre-
quently impregnated by humic and/or fulvic acids. In this area, the Holo-
cene deposits are represented only by the present beaches.

In the internal portion of the large valleys excavated by the Rio Sao
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Jodo and the Rio Una (Fig. 4), similarly as it takes place in the Rio
Itabapoana valley in the limit of the states of Rio de Janeiro and Espirito
Santo, there are two generations of sandy marine terraces. The external
deposits are more developed and covered by typical Holocene beach-
ridges. More inlandwards, there are eroded relicts of Pleistocene terraces.

Between Cabo Frio and Arraial do Cabo (Fig. 5), most of the sandy de-
posits are of Pleistocene age. This statement is based on a radiocarbon
date of more than 30,000 years BP, obtained from a wood fragment sam-
pled in a sand with abundant impregnation by organic matter. These
Pleistocene deposits are partially covered by Holocene aeolian dunes and
they were preserved from erosion during the last transgression behind
crystalline rock hills of the Arraial do Cabo.

From Arraial do Cabo to Niteré6i (Figs S, 6 and 7) there are, frequently,
two sandy barriers separated by a depression, sometimes occupied by
small lagoons, like the Lagoa Vermelha (Fig. 6). Muehe (1982) and Coe
Neto et al. (1986), based on relative sea-level fluctuation curves proposed
by Suguio & Martin (1981) and Martin et al. (1983), assigned a Holocene
age for both units. The inner barrier would have been formed during the
high sea-level of 5100 years BP, and the second could be related to the
high sea-levels of 3600 and 2500 years BP (Coe Neto et al. 1986). How-
ever, a sample of mollusk shells collected from the bottom of Lagoa Ver-
melha indicated a radiocarbon age of 4830 % 280 years BP. This age
shows that the lagoon and, consequently, the external barrier is older than
5000 years BP. Moreover, drilling made in the eastern extreme lowland of
the Brejo do Espinho attained an organic matter saturated sand, probably
Pleistocene in age, at a depth of 3 m. Finally, in the Praia Seca area, there
are outcrops of organic matter saturated sand from the internal barrier.

On the other hand, in the Itaipu-Acgu area, Ireland (1987), in his work
on the sedimentary history of the lagoons in this region, stated: ‘It is clear
that the present barrier (external barrier) is older than 2770 years BP. It is
suggested that the fossil barrier (internal barrier) and the sedimentary se-
quence behind it is Pleistocene in age. This formation is considered to be
related to the Cananéia Formation which has been described in Sdo Paulo
State...’

3 CONCLUSIONS

In the absence of absolute ages, it seems reasonable to attribute a Holo-
cene age to both sandy barriers occurring between Arraial do Cabo and
Itaipu-Acu (Muehe 1982, Coe Neto et al. 1986), like the barriers found in
the Jacarepagud coastal plain (Maia et al. 1984). The relative sea-level os-
cillations during the last 7000 years, which are clearly exposed in deposits
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in other sectors of the Brazilian coast, may explain the construction of two
barriers separated by a lagoonal zone.

From this viewpoint, the internal barrier would have been formed dur-
ing the terminal portion of the last transgression, whose culmination stage
was about 5100 years BP, whereas the external barrier would have been
built about 3600 years BP. In fact, a rapid examination of the preliminary
ages seem to confirm this hypothesis.

However, new ages compared with a certain number of other data
suggested that only the external barrier is Holocene, whereas the internal
barrier is Pleistocene, and related to the high sea-level of 123,000 years
BP. Consequently, the large lagoons (Araruama, Maricd and Saquarema)
were settled at the places of ancient Pleistocene lagoons, similarly to those
that existed in the states of Santa Catarina and Rio Grande do Sul. Moreo-
ver, most of the marine deposits found between Cabo Frio and Sdo Tomé
are also Pleistocene in age.
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